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Hewlett-Packard Company (A) 
Mechanical Design of Coaxial Microwave Connectors 



As of mid 1963, engineers at the Hewlett-Packard Company are consider- 
ing what action, if any, they should take regarding standard connectors for 
coaxial conductors used with the company's line of microwave instruments. 
A large number of different types of coaxial connectors have come into use 
and have been classified as standard by various governmental agencies and 
industry groups. Some standard types of connectors are illustrated in 
Exhibit Al. 

Existing standard coaxial connectors are considered inadequate because 
they tend to cause serious reflections of power at high frequencies. Exist- 
ing standard connectors are also considered inconvenient to use because they 
are not sexless. Each connector is either male or female, and no two of the 
same sex can be joined without interposition of an adaptor. To join two males 
or two females it is necessary to locate the correct adaptor from among the 
many that must be kept on hand for interconnecting the various types of plugs, 
and then to fasten the adaptor to one of the connectors before the other con- 
nector can be joined. Adaptors also tend to cause power losses and reflec- 
tions at high frequencies, as do standard connectors. 
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Electrical engineers know ways to improve the electrical character- 
istics of existing connectors, and two companies are making connectors which 
not only incorporate some such electrical improvements, but also are sexless, 
so that any two can be joined without an adaptor. Each of these companies 
has urged that its improved connector be adopted by the industry as standard. 
However, neither improved connector has yet been so accepted, and neither 
is yet being widely used. Both of these improved connectors are expensive, 
being priced about ten times as high as the older standard connectors. 
These improved connectors are available only in the large line sizes and 
not in the smaller 7 mm. line size, which is the size used most extensively 
at Hewlett-Packard. 

Hewlett-Packard 

Products of the Hewlett-Packard Company can broadly be grouped into 
two general categories: (1) Electronic Instruments, including oscillo- 
scopes, oscillators, voltmeters, ammeters, power supplies, electronic 
counters, etc., and (2) Microwave Equipment. The company's microwave pro- 
ducts can also be divided into two categories: (1) Test Instruments, such 
as various meters for measuring microwave characteristics, signal genera- 
tors and amplifiers, and (2) Microwave Circuit Elements, such as waveguides, 
directional couplers, etc. Prices of most Hewlett-Packard products are over 
a hundred dollars, and many of them sell for several thousand dollars each, 
but the company also makes and sells some small items for less than ten 
dollars each. These products of the company are sold throughout the world 
through a force of several hundred salesmen and independent manufacturers' 
representatives . 

The main plant and home office of Hewlett-Packard is in Palo Alto, 
California. The company has other plants in the United States, and in 
England, Japan, and Germany. In total, the company employs over 6,000 
people and manufactures over 1,000 different types of test instruments . 
In the Microwave Division there are about 50 engineers, most of whom are 
electrical eng ineer s and a few of whom are mechanica 1 engineers . Each 
mechanical engineer typicalLy has his own desk, workbench and drafting 
table on which he makes his own layout drawings. 
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Some of the engineers familiar with the shortcomings of existing 
standard coaxial connectors have suggested that Hewlett-Packard should 
undertake to develop a better one. They are aware that there is no short- 
age of projects needing engineers' time. They estimate, however, that the 
requirements for better connectors might range as high as 10,000 units per 
year within the company alone, and that outside the company the market could 
run into hundreds of thousands per year if the new connector were suffi- 
ciently better than those presently in use. 

Microwaves and Their Uses 

Microwaves are used in radar, communication (in space for communi- 
cating with satellites and rockets, and on earth for communication relay 
links between cities to carry television, telegraph, telephone and radio 
signals), radio astronomy, and spectroscopy , 

Two properties of microwaves make them particularly useful. One is 
that they contain a tremendously wide range of useable frequencies for 
communication, because their frequency range is over one hundred thousand 
megacycles in contrast to the normal radio band which spans about one mega- 
cycle. The other is that they are highly directive and, like light, can 
be focused, beamed, and aimed at targets. 

Optical techniques can be used in microwave applications particularly 
at higher frequencies. For instance, microwaves reflect from a conducting 
plane exactly as light waves reflect from a metallic mirror, with equal 
angles of incidence and reflection, and with unchanged amplitude. Diffrac- 
tion of microwaves is also analogous to that of light waves. Microwave 
properties analogous to light make it possible to channel the waves with 
reflectors, to focus them with lenses, and to beam them with antennas. 
Departures from ideal light ray behavior result when microwaves, and for 
that matter radio and other longer electromagnetic waves, interact with 
objects smaller than their wavelengths. 

Examples of microwave communication systems can sometimes be seen 
from the highways. Telephone communication links, consisting of horns 
shaped somewhat like the speakers of early phonographs may be seen on 
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mountain tops or high towers roughly 30 miles apart. Usually there viil 
be a receiving antenna, an amplifier unit which adds power to the signal, 
and a sending antenna, with its back to that of the receiving antenna, 
which sends the signal onto the next station. Through one of these sta- 
tions, as many as 10,000 phone conversations may be passing simultaneously. 

Future trends in microwave technology seem to point toward working 
with higher powers, higher frequencies, and higher efficiencies. Radar 
and communication applications call for ever greater range and finer reso- 
lution of information, while for use in satellites and other space gear, 
future objectives include lighter weight, higher efficiency, and greater 
compactness . 

Working with Microwaves 

Microwaves are handled with electronic equipment, much of which looks 
similar to circuitry used for dealing with electromagnetic energy at lower 
frequencies. However, there are some unusual aspects to the appearance of 
microwave equipment. For instance, among the circuit elements there can 
be observed metal pipes, usually rectangular in cross section, called 
"waveguides" which are not used in lower frequency circuits, A waveguide 
can be considered analogous to a hallway of mirrors down which the wave 
proceeds in a zig-zag path, reflecting along back and forth between oppo- 
site walls. The path can be predicted in optical terms. Such a hallway 
must have certain minimum cross-sectional dimensions to propagate waves 
of a given frequency (color, in the optical portion of the spectrum) and 
these minimum dimensions increase with decreasing frequency. 

Many electrical and electronic rules and techniques apply to micro- 
waves, just as some optical methods do. But again in dealing with micro- 
waves, some departures from convention are required. For instance, the 
fact that microwaves might be shorter in wavelength than the lengths of 
the circuits through which they flow can cause circuit parameters to vary 
with position. Two circuits which would be equivalent to one another at 
lower frequencies may not behave at all alike at microwave frequencies. 
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Reflection occurs in microwave transmission whenever there is an imped- 
ance discontinuity in the transmission system. Such discontinuities can be 
caused by any abrupt variation in the transmission path, such as either a 
sharp change in physical dimensions or a change in the electrical charac- 
teristics of the conductor. Therefore, it is preferable to make contours 
of the transmission path smooth, and if any changes, in cross -sec t ion perpen- 
dicular to the flow are necessary, to make them gradually. 

Transmission of microwaves can be accomplished in several ways. The 
waves can be beamed through atmosphere or space from antennas, and they 
can be channeled through several types of conductive devices. One such 
conductive device is the waveguide mentioned above, while others include 
"striplines" and different types of "coaxial lines''. Striplines usually 
consist of flat sheets of dielectric material with thin flat metal conduc- 
tors on the surface. Coaxial lines consist of two concentric circular 
conductors, an outer conductor and a center conductor. The conductors carry 
the electrical currents, while electromagnetic waves flow in the dielectric 
material (which can be air) separating them. The shape of the dielectric 
path is critically important in determining conductive characteristics. 
Illustrative pictures of waveguides, striplines, and coaxial lines appear in 
Exhibit Al. Normally no outer insulation is required on these conductors, 
because the outer conductor is usually grounded. 

Striplines and coaxial lines by their natures cause high power losses 
at frequencies above roughly 12 to 15 gigacycles, and therefore it is neces- 
sary to use waveguides, which have very low losses, at high frequencies. For 
low frequencies, all the way down to direct current, however, coaxial lines 
and striplines do not cause high losses and are preferable to waveguides be- 
cause they are easier to make and less bulky in use. As with waveguides, 
higher frequencies require smaller cross sections perpendicular to flow in 
coaxial conductors. Striplines and coaxial lines are roughly comparable to 
each other in performance, and the main reason for choosing one over the 
other is convenience of manufacture. Striplines are made by photoetching the 
desired longitudinal cross sectional shape of the conductor onto copper which 
is plated to a thickness of 1/3 to 3 mils on a plastic dielectric sheet perhaps 
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1/16 inch thick. With this photoetching process it is easier to make irre- 
gularly shaped conductive sections than it is with coaxial lines. The die- 
lectric with its imprinted circuit is held in a frame, usually of aluminum, 
which may also serve as an outer conductor. A single stripline might weigh 
as much as two or three pounds. 

Coaxial lines are made in the form of rigid conductors and also as 
flexible cables. The rigid line consists of a metal tube as outer conduc- 
tor in which a metal rod as center conductor is held concentrically by plas- 
tic spacers. For precision microwave work at higher frequencies, tolerances 
on diameters of the metal conductors are held as close as 0.0002 inches and 
concentricity of the conductors to 0.001- inches. Where less precision is 
required, flexible coaxial cables made out of wire with insulation separat- 
ing the inner and outer conductors may be used. The outer conductor in 
flexible coaxial lines is woven, while the inner conductor may be solid or 
also may be woven. Such flexible conductors are generally easier to use 
than either waveguides or solid lines, but their dimensions and concentri- 
cities are also less precise. Manufacturers of flexible lines have been 
working to make flexible conductors more precise by holding closer tolerances 
in manufacture. They have also been designing flexible cables which retain 
concentricity better by the use of dielectrics with higher resistance to 
cold flow and by braiding inner conductors to lower their bending stresses. 

Junctions of microwave conductors are usually made either with bolted 
flanges or else with coaxial connectors. Waveguides are made with flanged 
ends having bolt holes. To connect the guides, these ends are simply tied 
together with nuts and screws. Coaxial lines and striplines may also fasten 
with flanges, but more often they are joined by coaxial connectors. Smooth 
fairing of the internal dimensions of the lines is important to minimize re- 
flection. Since the path of the waves is between the conductors, the outside 
shape of the inner conductor and the inside shape of the outer conductor must 
be smooth along the flow. The inside shape of the inner conductor and out- 
side shape of the outer are less important in terms of electrical performance. 
The outside of the connectors is generally not insulated. 
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Use of Connectors with Microwave Instruments 

In work with Microwaves at Hewlett-Packard it is common for test set- 
ups to require quite a few non-permanent connections between various pieces 
of apparatus. It is not unusual for a given test circuit to require a 
dozen or more such connections, as can be seen from the illustrative exper- 
imental setups depicted in Exhibit A2. With each experimental setup shown 
in the Exhibit it will be noted that there are included in the picture a 
number of alternative pieces of gear which could be substituted in the 
circuitry. 

With waveguides, changing connections requires unscrewing all the 
screws and nuts holding the flanges together and refastening other flanges. 
With standard coaxial connectors, it requires unscrewing the caps, pulling 
the connectors apart, pushing another pair of connectors together, and 
screwing the caps tight again. It is important that the connectors be 
tightly fastened for them to conduct as well as possible. 

If two male or two female coaxial connectors are to be joined, there 
is the additional chore of locating an adaptor from among the many on hand 
for different sexes and different types of connectors, and fastening both 
sides tight to the adaptor. Finger protectors have been tried by one man 
to lessen skin abrasion, but they have not proven very helpful. "You just 
have to develop callouses", another engineer comments, "especially when you 
get into testing where you may have to make something like 1200 connections 
in ten hours." 

Standard Coaxial Connectors 

A wide variety of coaxial connectors have come into use, most of them 
having been devised in the radar development programs of World War II. 
Electronic specifications for these original connectors were not highly 
exacting because early knowledge and techniques of microwave work did not 
require them to be. Mechanical standards were set rather loosely for the 
same reason and also because of pressure during World War II to get work 
out as fast as possible. With time, the loose standards have come into 
wider and wider use, making it progressively more difficult to change them. 
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Also with time, the number of different sizes and types of connectors 
has grown, as new connectors have been developed for special applications 
and subsequently become widely used and hence standardized. For joining 
these different sizes and types together, adaptors must be used, so the 
proliferation of connectors has been matched by a proliferation of adaptors. 
Adaptors are also needed for joining connectors of the same sex, as was men- 
tioned above, which has further multiplied the number of fittings required. 
An attempted remedy to the mating difficulty has been general agreement 
that connectors on instruments would all be female and connectors on cables 
would be male. But sometimes it is desirable to join two instruments di- 
rectly in order to minimize losses or achieve certain line dimensions, and 
at other times it is desirable to extend a cable by joining it to another 
cable. Unfortunately, adaptors often introduce additional impedance dis- 
continuities and cause power losses. 

The most widely used coaxial connectors at Hewlett-Packard are the 
"Type N" standard connectors. The connectors, which are manufactured by a 
number of companies, are illustrated in the drawings and pictures of Exhi- 
bit A3. Type N connectors are of the male-female type, joining by a knurled 
cap which requires three to four revolutions for tightening. They cost from 
forty cents to four dollars each, depending upon the tolerances and finish 
required. Hewlett-Packard, which uses roughly 2,000 such connectors on its 
new instruments per year, prefers to have its connectors made to tighter 
specifications than standard. By so doing, it is possible to improve upon 
the electrical performance, although by its very design the connector still 
retains adverse electrical characteristics, and, of course, there is no way 
of knowing that the connectors with which customers will hook up the Hewlett- 
Packard instruments will be any better than standard. 

Deficiencies in design which are considered to produce unfavorable 

electrical, characteristics in the Type N plugs include the following: 

1. Both male and female Type N connectors have cylindrical sections 
longitudinally slotted to let them spread and spring tight around 
each other when they are pushed together. Slight variations in 
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the slots or slight variations in radial thicknesses of the cylin- 
drical sections can push the union off center, producing an abrupt 
change in the conductive path and thereby producing reflective 
power losses. Even the same twtTconnectors can vary in conductive 
characteristics, depending on the orientation in which they are 
joined . 

2. The slots themselves also produce a step change in both the outer 
shape of the inner conductor and the inner shape of the outer con- 
ductor which set up reflections. 

3. Because the male and female conductors overlap it is not possible 
to define a reference plane at which the connectors join. For 
microwave measurements it is sometimes desirable to be able to 
short a line at a known point. 

4. It is not possible to know which parts will butt together inside 
the connector, because there is more than one point at which the 
butting might occur, longitudinal tolerances are loose, and none 
of the butting surfaces can "give' 1 in order to let other butting 
surfaces come together. Whichever conductor does not butt tightly 
leaves a sharp change in conductive path which causes reflections. 

5. Overlapping and rubbing of the mating parts causes wear inside the 
connectors, which in time can change their shape and electrical 
properties. The chafing also produces chips and flakes which are 
difficult to remove from receptacle portions of the connectors and 
which can change electrical properties. 

Existing Sexless Connectors 

Two sexless coaxial connectors are cotrunerc ia 1 ly available in the larger 
line sizes. These are the "Dezifix" manufactured by the Rhode and Schwarz 
Company of West Germany, which has been available for several years, and the 
"Type 900", manufactured by the General Radio Company of West Concord, Massa- 
chusetts, which has been introduced within recent months. Both are currently 
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available only in line sizes larger than 7 millimeters, although Rhode and 
Schwarz has developed a model for 7 millimeter line which reportedly is soon 
to be put on sale. Engineers at Hewlett-Packard have some pictures and 
drawings of these connectors although they have not yet used either the Dezi- 
fix or the Type 900. In Exhibit A4 are pictures of the Dezifix Type B, which 
is larger than 7 millimeters and is available. Exhibit A5 shows a drawing of 
the Dezifix Type A, which is for 7 millimeter line, but not yet available 
commercially. The Type A is believed to be simply a scaled down version of 
the Type B, but with the addition of a centering device using interlocking 
teeth to assure concentricity, which appears in the drawing. Exhibit A6 
contains pictures and drawings of the General Radio Type 900 connector. List 
prices of these sexless connectors are understood to be $30.00 each for the 
Dezifix and $35.00 for the Type 900. 

The Dezifix employs a sliding inner conductor spring loaded to assure 
contact. In joining two Dezifixes, the inner conductors meet first, and are 
forced to slide back as the outer flanges are pushed together. When the outer 
flanges meet, a coupling nut from either connector is slid across both flanges 
its gripping teeth passing through notches in outer rims of the flanges, and 
the nut is then twisted to grip the opposite flange. The flanges gradually 
increase in thickness away from the notches, so that as the nut is twisted 
it pulls the flanges more tightly together. 

In addition to improved electrical characteristics, manufacturers of the 
Dezifix claim that this connector is unusually flexible, because they have 
developed a line of adaptors which permit it to be easily coupled to existing 
connectors. Also, they say that the locking mechanism provides high mechani- 



*In cross-sectional drawings of some of the connectors, such as on the second 
page of Exhibit A6, it can be seen that there are step changes in some of the 
conductor diameters where plastic insulators are inserted. These step changes 
are to compensate for the fact that air and plastic have different dielectric 
properties. Introduction of a dielectric discontinuity along the path of the 
microwaves can have the same effect as a sudden change in shape of the con- 
ductor, causing reflections. By introducing the dielectric change and the 
conductor shape change at the same point, the reflective effects of one can 
be cancelled by those of the other so that no net reflection occurs. This corn 
pensation is analogous to that of coating a camera lens to admit more light. 
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cal strength so that, for instance, one instrument can be "hung" on another 
with Dezifix providing the only structural support between the two. The nut 
must be rotated only 60° to lock. 

However, Hewlett-Packard engineers have commented about some less desir- 
able characteristics in the Dezifix. To engage the nut, it is necessary to 
push the connector together, against the springs of the inner conductors, 
and at times the application of this force may be awkward, as when it might 
push instruments around- Also, since each conductor has its own nut, there 
is always one redundant nut per connection. 

Hewlett-Packard engineers are also somewhat dissatisfied with the Type 
900 because of its complexity and its large number of parts. The price of 
$35.00 is, they think, high and in view of the complexity of the Type 900, 
they wonder whether any company can make a profit on it. They wonder if 
there can be much hope that a lower price will result even if the Type 900 
becomes accepted as standard and is bought in large volume. 

Connector Standardization Committee 

Dissatisfaction with existing standards for coaxial connectors has not 
been limited to Hewlett-Packard, but has been felt by other manufacturers 
and users of precision microwave equipment. As a result there has been formed, 
under the American Institute of Electrical Engineers, a subcommittee to deve- 
lop standards for better coaxial connectors. The members of this committee 
are drawn from connector manufacturers, instrument companies, measurement 
laboratories and the National Bureau of Standards. 

The committee met at the National Bureau of Standards in Boulder, Colo- 
rado, on September 12, 1962, and discussed possible standards for connectors. 
< ^rno C\ c > \ t \c >i sr. * : &v > vt t c a c c j. -7 -rr. is t o ti?c ; r.s.r, 1 c = * =.r. - e . e : : : 1 : i ^ 
characteristics of improved connectors. The mechanical standards agreed 
upon by the committee appear in Exhibit A7 . Some dimensional specifications, 
such as certain diameters of conductors, were determined by the behavior of 
microwaves and their modes of propagation. Of the four connector sizes re- 
commended by the committee, Hewlett-Packard engineers expect their concern 
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will mainly be with the smallest, since it is the size they use most. Also, 
they expect it would be the most difficult to design and make and could prob 
ably be scaled to larger size without much difficulty. 

Some consideration was given by the committee to the Dezifix and the 
General Radio Type 900 connectors, although no decision regarding them was 
made. 

The committee included among its recommendations that any connector to 
be adopted as standard must be offered free of any patent or royalty restric 
tions by its manufacturer to any other manufacturer wishing to make it. 
Hewlett-Packard engineers understand that General Radio has formally gone on 
record as willing to comply with such a requirement. Rhode and Schwarz has 
not given formal notice of willingness to free the Dezifix of its patent 
privileges, but is believed to have informally suggested such a willingness. 
It is also understood that Rhode and Schwarz has been continually filing 
patent claims on the Dezifix. 

These specifications set by the committee have been given at Hewlett- 
Packard to a young mechanical engineer, Tony Badger. Electronic engineers 
at Hewlett-Packard have said it is important that the company adopt as soon 
as practicable a connector incorporating these improved electrical specifi- 
cations, and they have asked what mechanical improvements could also be in- 
cluded in a better connector. Tony has been asked to submit his recommen- 
dations on the subject and explain them. 
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Exhibit 1 - Some Microwave Conductors 



WAVEGUIDES 

The large guide, with internal di- 
mensions of 2.84 x 1.3*+ inches, is for 
S Band frequencies (2.60 - 3. 95 gc.)- 
The smaller guide, .1^8 x .07** inches, 
is for V Band (50 - 75 gc-) . 






COAXIAL LINES 



The flexible cable and three 
short lengths of rigid line are all 
fitted with Type N male connectors. 
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Exhibit 2 - Microwave Test Setups (For P Band frequencies, 12.4 - 18.0 gc.) 
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5243L with 5253A plug-in 



* : * - * 



P372 




®\ ^P932A 

P880B * * P532A JLY370 
P382A ^\ 



P370 
24 with P25 Clamp 



P914A 



920B 



This group of instruments is used to calibrate an hp PVs2A Frequency Meter. A reflex 
klystron oscillator is used with its operating potentials furnished by an hp 716A Klystron 
Power Supply. Its frequency is swept by applying the internal sawtooth of the 716A to 
the repellcr of the tube. The resulting I'M is sufficient to show the absorptive response of 
the wave meter. Harmonics of the hp V10B Transfer Oscillator are mixed in the hp P932A 
and show up as a small "bug" on the oscilloscope trace. The counter (hp <>2lsl.) is used 
to measure the transfer oscillator's fundamental frecjucnty. 



5060-0828 



P870A 




P362A 
24 with P25 Clamp 



P810B 



P486A 



This is x typical fixed frequent)- setup in P band. Note the portable microwave lab 
composed of an hp 43 I B Power Meter and an hp il^D SWR Meter installed in the hp 
1 0*i I A Combining Case (see pages IK and Both of the instruments may be purchased 

with optional rechargeable batteries .md then used independent of the ac line. They are 
useful lor measurements around missile*, .nnr.ilt, antenna towers, etc. 



Source: Hewlett-Packard Company Catalog 
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Exhibit 3 - Type N Connectors 

Connector Assembly Instructions 



0 5 - OJ - 




M fitsM Clomp FfiMhCMttd Jack ftdy Mad CaM N^My 




Place nut and gasket over cable and cut off jacket 9 M" 
from end. 



Comb out braid and fold out. Cut off cable dielectric 
flush V* from end of jacket. 



Pull braid wires forward and taper toward center con- 
ductor. Place clamp over braid and push back against 
cable jacket. 



Fold back braid wires as shown, trim to proper length 
and form over clamp as shown. Solder contact to center 
conductor. 



Insert cable and parts into connector body. Make sure 
sharp edge of clamp seats properly in gasket. Tighten nut. 
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Exhibit 3 ( Cont ) Type N 



This document had been pron.ul j-it'rt by the Impart mcnt of rWcnsc ar. thi military stamlard to limit I 
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MS PART NO. MS9l23o-2iE 
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Federal Item Identification Number. 



ITEM 


DESCRIPTION 


MS PART NO. 


QTT 




Electrical cable clamp 


MS90226-3 






Electrical connector shell 


MS91232-1 


—h 


3 


V -Groove aasket 


MS80133-4 


ft 




1 


Shouldered and recessed wash©! 


MS90219-3 






, & 


Holdlnq washer 


MS00242-1 






6 


.Sorlwi teqslon washer mi 


■»M 






7 


Bushlna Insulator 


1 1 Mil — 








Gasket 










Electrical contact 








.JO 


Electrical contact 








11 


Coupling, put 









^Alternate construction qr Item 2 to be used with alternate construction Of 

Item Q. 
V 

One required In assembly; two required as replacements. 

1. All dimensions In Inchee. 

2. Unless otherwise rpeclfled, tolerances are a .005 on decimals, 

3. Form over all around, 

4. Leakage lest not required. 

5* A pull of 100 pounde on Item 11 ehould not detach It from Item 2. 

0. A rod . 121 minimum In diameter and 3/8 minimum In length to pass through Item 7, after assembly in 
Item 2, when a pressure of not more than 3 pounds Is applied. 

7. Plug UG-21E/U replaces plugs 00-21 /U, -21A/U, -21B/U. -21C/U, and -21D/U. 

6. The MS part number consists of the MS military- eUndard number followed by a dash number. The dash 
number "21 E" la derived from assigned nomenclature. 

0. Referenced documents sltall be of the Issue in effect on date of Invitation (or bids. 
10. This standard takes precedence over documents referenced herein. 

ENGINEERING) DATA: WEATHERPROOF, RADIO-FREQUENCY COAXIAL CONN ECTOR; NOMINAL IMPEDANCE 
60 OHMS; RATED AT I, 500 VOLTS PEAK; PRACTICAL FREQUENCT LIMIT 10, 000 
MC/SEC; FOR USE wrrH RO-8/U, -S/U, -213/U AND -&14/U RF CABLES. 
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(h) entire standard revised 
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MILITARY STANDARD 



CONNECTOR, PLUQ, ELECTRICAL, SERIES N, UO-21E/U 



MS 91236 
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Exhibit 3 (Cont.) Type N . . . — : 

This document has beon promoted by the t> P arlmonl of Defenee ae the military standard to limit FEU. BUP CLAW 

l^t^T^l^V^U or design covered herein In engineer!**, design, and Procurement. 6936 

TWa »uSh2h "hatt btcome effective not later than 90 dayn after the latest date of approval ohown. 




|-24NEF-2A 
MARKING SEE NOTE 7 



MS PART NO. MS91237-22E 


fun!/ 


MS PART NOL MS»1237-23E 





Federal Rem HenllflcaUon Number. 



ITEM 


DESCRIPTION 


MS PART NO. 


QTY 


1 


Electrical contact 


MS90163-1 


1 


2 


Electrical connector shell 


MSD1234-1 


1 


3 


Bushlna Insulator 


Mr<yoi62-i 


1 


4 


Holdlnq washer 


MSl'0242-1 




6 


Shouldered and recessed washer 


M.S90219-3 




6 


V-aroove aaskel 


MS90133-4 




7 


Electrical cable clamp 


MS90225-3 


. i._ 


8 


MountJno oanel 


Mr ? 9123&-Jl 


i — 



^One required In assembly; two required as replacemente. 

I, All dimensions In Inches, 

3. Unleee otherwise specified, tolorancee are *l/64 on fractions and A.0O6 on decimals. 

3, Silver solder all around. 

4. Leakage test not required. 

6. Item B to withstand a torque of 6 foot-pounds and a pull of 126 pounds. 

8. A rod .121 minimum In diameter and 3/8 minimum In length lo pass through Item 3, alter assembly 
in Item 2, when a pressure of not more than 3 pounds Is applied. 

7. Plug UO-23E/U Is Identical with receptacle UG-22E/U, except that Item 8 le omitted. 

8. Receptacle UG-22E/U replaces panel Jacks UG-22/U, -22A/U, -22B/U, -22C/U, and -22D/U. 

9. Plug UO-23E/U replaces JackeUG-23/U, -23A/U, -23B/U, -23C/U, and -23D/U. 

10. The MS part number consists of the MS military -standard number followed by a dash number. Tha daeh numbers 
"22E" and "23E" are derived from assigned nomenclature. 

II. Referenced docuraenle shall be of the Issue In effect on dale of Invitation for bids. 
13. This etandard takee precedence over documents referenced herein. 

ENGINEERING DATA: WEATHERPROOF, RADIO-FREQUENCY COAXIAL CONNECTOR; NOMINAL tMPEDANCE Q 
50 OHMS; RATED AT 1, 600 VOLTS PEAK; PRACTICAL FREQUENCY LIMIT 10, 000 MC/SEC; V 
FOR USE WITH RG-8/U, -8/U, -213/U AND -2U/U RF CABLES. , 1 
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(The instrument supported by the connector weighs 
5 kg.) 
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- General Radio Type 900 Connector 




CENTER CONDUCTOR 
SPRING CONTACT 



CENTER CONDUCTOR 



REXOLITE INSULATOR 



CENTERING GEAR-RING 



CONNECTOR BODY 



LOCKING NUT 



COUPLING NUT 
AND LOCKING NUT 
RETAINER RING 



INNER AND OUTER 
CONDUCTORS OF 
THE COMPONENT 
AND RETAINING RING 



Courtesy of General Radio Corporation 
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COMMITTEE RECOMMENDATIONS ON 
PRACTICES FOR PRECISION COAXIAL CONNECTORS 



PART I 

General Requirements and Definitions 

The need is recognized for precision coaxial connectors utilizing the 
principle of coplanar butt joint flanges for operating frequencies in the 
range of 0 to 13 Gc/s. Maximum performance in a laboratory environment is 
a basic objective. Mechanical and electrical requirements, with appropriat 
definitions, are as follows: 

Mechanical Requirements 1 

1. To obtain the desired performance over the frequency range of 0 to 
13 Gc/s, a minimum number of coaxial line sizes will be specified. 

2. In each line size, there will be two different forms of precision 
connectors. They are a General Precision Connector (GPC) employing a self- 
contained dielectric support and a Laboratory Precision Connector (LPC) 
using only air dielectric. The latter is used where the electrical length 
of the connector must be known to the highest accuracy. Provision shall be 
made to allow a simple conversion of the dielectric support type connector, 
so that its inner conductor can support the inner conductor of a connector 
without a dielectric support. 

3. During and after mating, the front end of the inner conductors of 
the GPC shall be subjected only to axial forces. 

4. The GPC type inner conductor dielectric support must withstand 
specified axial force and bending moments. 

5. Provision must be made to protect the butting electrical surfaces 
when not mated. It should be practical to repolish or relap the butting 
electrical surfaces. 

6. All components of the GPC type shall be captive to the connector. 
However, the coupling mechanism of both types must be detachable. 

7. The coupling mechanism must withstand the application of the axial 
force and bending moment applied to the outer conductor without exceeding 
specified limits on VSWR, insertion loss, or leakage. 

8. The mated pair of connectors must join in the same plane which is 
coincident with the electrical reference plane. 



Electrical Requirements also included in the recommendations are voluminous 
and have not been reproduced here. 
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PART II 
Parameter to be specified 



Mechanical Parameters 

1. The number of line sizes. The nominal I.D. of outer conductor 
and nominal O.D. of inner conductor and tolerances for each size. 

2. Maximum axial force which may be applied to a supported inner 
conductor when brought into coplanar condition. 

3. Maximum axial displacement of the supported inner conductor, 
resulting from application of a specified axial force, 

A. Maximum angular deflection of supported inner conductor arising 
from the application of a specified bending moment referred to the center 
of the dielectric support and applied to the back end of the inner conductor 

5. Operating range of temperature, relative humidity, and pressure. 

6. Non-operating temperature range which will not cause non-compliance 
with the specification in the operating range, 

7. Number of complete connections - disconnections of a connector pair 
under laboratory conditions which will not cause non-compliance with the spe 
cification in the operating range. 

8. Critical dimensions and tolerances for the mating surfaces and for 
attaching the coupling mechanism or for integral coupling means. 

9. The connectors must be sexless. Any one connector of the same line 
size must be capable of being mated, without adaptors, with any other connec 
tor of the same line size . 

10. To connect the rear of the connector to a transmission line, the 
manufacturer of the connector must suppLy a drawing showing the form, dimen- 
sions, an I tolerances. Recommended materials and finishes for the mating 
portion of the transmission line should also be furnished. 
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PART III 
Parameter Limits 



Mechanical Parameters 

1. Conductor diameter and tolerances 



Line Size I 
Line Size II 
Line Size III 
Line Size IV 



I.D. of outer 
conductor 



Inches 



0.8268"+0.0003" 
O.7500"+0.OOO2" 
0.5625"+0.0002" 
O.2762"+0.00O5" 



Centimeters 
2 . 100+8U 
1 . 905+5H 
1.429+5" 
0.7015+13H 



O.D. of inner 
conductor 



Inches 



Centimeters 



0.3587"+0.0002" 0.9110+4" 

0. 325 7"+0. 0001" 0.8273+3" 

0.24425"+0.0001" 0.6204+3" 

0.1200"+0.0002" 0.3048+5" 



2. Inner conductor mating force limits 

When two connectors are mated, the axial force exerted by the 
contact mechanism on the inner conductor of a GPC connector shall 
be less than the following: 



Line Size I 
Line Size II 
Line Size III 
Line Size IV 



5 lbs. 
2 lbs. 
2 lbs. 
1 lbs. 



2.27 kg 
.907 kg 
.907 kg 
.454 kg 



3. Inner conductor applied force limits 

The inner conductor of a GPC connector shall be displaced axially 
less than .001" when the following axial force is applied. 



Line Size I 

Line Size II 

Line Size III 

Line Size IV 



10 lbs. 

5 lbs. 

5 lbs. 

2 lbs. 



4.54 kg 
2.27 kg 
2.27 kg 
.907 kg 
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4. Center Conductor Angular Deflection 

The angular deflection, of the inner conductor for Line Sizes I to 
III of a GPC connector, occuring from the application of a bending 
moment referred to the center of the dielectric support and applied to 
the back end of the inner conductor shall be less than 1/2° at the 
front end of the connector when a 0.1 ft. lb. (1.36xl0 6 dyne centi- 
meters) bending moment is applied. 

5. Environmental conditions operating 

The range of environmental conditions over which the performance of 
the connectors shall remain within electrical specifications is as follows 



Temperature 



13 to 33° C 



Humidity 



20 to 807. R.H. 



Altitude 



0 to 6000 ft. 



Pressure 



+ 20 mm. Hg from normal at 
operating altitude 



6. 



Environmental conditions non-operating 



The non-operating temperature range shall be from -40 to +70°C» 



7. 



Connec t/disconnect life 



The electrical performance shall remain within specifications when 
the connector is subjected to 1000 complete connection cycles. 
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Hewlett-Packard Company (B) 
History of a Coaxial Microwave Connector Design 

The following comments of Mr. Anthony Badger, a mechanical engineer 
at the Hewlett-Packard Company, describe the approach he took to the prob- 
lem of designing a "better 11 coaxial microwave connector. Attached follow- 
ing his comments are the sketches Mr. Badger drew in working out his de- 
sign and also pictures of his experimental hardware and of the final pro- 
duct. 



(c) 1964 by the Board of Trustees of Leland Stanford Junior University. 
Prepared in the Design Division, Department of Mechanical Engineering by 
Karl H. Vesper from comments by Anthony Badger. 
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The design job was assigned to Mr. Badger on March 22, 1963. In sum- 
mary, he first spent two days familiarizing himself with the problem before 
sketching ideas for its solution. Within four hours of starting to sketch, 
he had settled upon use of interlocking nuts, the main feature of his con- 
nector, and had roughed out the design. Fabrication of the first prototypes 
took 18 days from submission of an order to the shop until their completion. 
Prototype testing took approximately 12 months. At the same time, refinements 
and variations were being added. As of April, 1964, Hewlett-Packard was ne- 
gotiating to bring about acceptance and mass production of the product. The 
problems of gaining acceptance are great because coaxial connectors are so 
widely used, but Hewlett-Packard believed the merits of Mr. Badger's design 
sufficient to make it a standard of the industry. 

"My first step, on being asked to do the mechanical design of an improved 
coaxial connector, 11 said Mr. Badger, n was to learn all I could about the pro- 
blem. I looked closely at the basic functions the connector had to perform, 
and tried to satisfy all my curiosities. From looking at the problems of the 
existing standard connector and talking with electrical engineers, I drew con- 
clusions about the fact that it should be sexless, what alignments it should 
have, what it should fit on, and so forth. 

"So before starting to form ideas for the design I had in mind a fairly 
clear set of specifications. Later, after I had worked out the basic design, 
I wrote down a set of specifications with which to evaluate the design. (A 
copy of Mr. Badger f s later specification list appears as Exhibit Bl. The items 
checked on this list are those he remembered as having clearly in mind when 
starting his designs. The remainder were added later as a result of further 
thinking and comments by other Hewlett-Packard engineers in response to Mr. 
Badger's design sketches). 
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"I made it a point initially not to look at others' solutions to the 
problem. We had a file with information on proposed sexless connectors, but 
I avoided seeing it to keep my thinking from being too channeled. I think 
this was very important. My design turned out to be quite different from 
theirs, and it might not have come to me if I had seen theirs. My plan was 
first to develop my own best approach to the problem and then to look at the 
others 1 designs to get ideas for further improvement. 

"I tried to break the problem into steps and tackle the major crux first. 
This crux seemed to be the alignment and pulling together of the outer conduc- 
tors. If I could accomplish this, I thought the rest would fall in fairly 
easily. So the problem in its most basic form seemed to be to design a sex- 
less coupling device. 

"Next, I undertook to do 'dissociated thinking' about the basic problem 
of joining things together. I made a list of all the ways I could think of to 
join things, putting the ideas down on paper as quickly as possible and avoid- 
ing any tendency to criticize them, I tried to let each idea spread in as 
many directions as possible. 11 

A copy of Mr. Badger's list of ways of joining appears as Exhibit B2. 
"Then from this list I started selecting what seemed to be some of the 
more promising ideas and exploring how they might be carried out. I asked 
how each idea would solve the basic problem. 

"Somehow I got stuck on the idea of rotation. I wrote down rotation, 
the idea of a screw, and started making quick sketches on the subject as they 
occurred. I looked at non-rotation ideas, levers and clips of various types, 
but these somehow did not seem 'clean'. I also considered but rejected ideas 
of redundant parts and loose parts. Some kind of snap arrangement, I thought, 
might be cleaner, but it wouldn't have enough mechanical advantage. So I kept 
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coming back to the idea of rotation. The problem of a screw, however, was to 
make it sexless. 11 

The sketches with which Mr. Badger explored some of these alternative 
approaches are reproduced in Exhibit B3. Pointing to the sketch page numbered 
11 in Exhibit B3. Mr. Badger recalled, "As soon as I s'tarted thinking of rotat- 
ing nuts, I realized they'd overlap the joint. It followed that the alignment 
problem would be solved. At that point, (Mr. Badger pointed to the sketch page 
numbered 13) I sort of fell into the idea of the final design. My thinking 
somehow shifted from external to internal gripping. There are really only a 
few ways of fastening sexlessly and with rotation. I had considered the idea 
of extraneous parts such as nuts which slip over, but these I quickly rejected 
to look for something more clean and simple. I thought about external cams, 
then somehow got the idea of tangs. I'm not sure how this idea emerged. 

"Even when I had the basic idea, however, it was hard for me to visualize. 
I had a feeling about how it could work, but wasn't really sure of the princi- 
ple and couldn't really see it. If someone had asked me to explain the idea 
I couldn't have. I couldn't draw it either. So I made a cardboard model in 
three dimensions to see how things could fit together. Then I made isometric 
drawings to help further in visualizing. 

,r I started to run some calculations regarding the force on the joint ob- 
tainable from a reasonable torque on the nut. It was also necessary to select 
a ramp angle which would be self- locking. This could bje determined from the 
coefficient of friction of the materials involved. It turned out that my ini- 
tial choice of ramp angle was very nearly that ultimately used in the final de- 
sign. 11 (A copy of Mr. Badger's notes on this problem appears in Exhibit B4. 

"The radial alignment didn't look like much of a problem. This could be 
controlled by accuracy of the bore in the nut. It could be seen that the tangs 
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would tend to bend radially inward as they were tightened, and this would 
make concentricity certain. 

"Stresses also didn't seem as if they would pose substantial problems, 
and for this reason I didn't run any stress calculations at all. It seemed 
to me that there would be so many assumptions needed that the stress calcula- 
tions would be highly subject to error, and that therefore intuitive 'feel 1 
would be better and prototype testing still better. 

,f I made drawings four times full size (illustrated in Exhibit B5) com- 
plete with all dimensions and sent them to the model shop, where the job of 
fabricating the prototype was expected to take about a week. Once the draw- 
ings were out, I left the job to the shop. I didn't visit the shop or inter- 
fere with the fabrication in any way once it was started. 

"While this fabrication was going on, a strong fear struck me that the 
design might somehow be all wrong. Maybe the conductor wasn't really sexless. 
The tangs, after all, were really just threads. But yet they had to fit into 
one another. I began to worry that they might just oppose each other and that 
it might be impossible to make such a scheme work. 

"At the same time, the word was getting around about the design I'd worked 
out and some of the electrical engineers began to show a lot of interest in it. 
Initially, I had kept my ideas completely to myself, as I always do when trying 
to come up with new approaches, unless I'm completely stuck at an impasse. 
Other people can completely kill an idea before it's had a chance, just by 
being skeptical and throwing a little cold water on it. But once the idea is 
worked out, they can help to refine it. So when the drawings were done I wel- 
comed the chance to discuss it with others. They immediately told me of more 
features they wanted the connector to have. 

"One additional feature requested, for instance, was that the nut be 
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easily removable, instead of permanently fixed to the line as I had assumed. 
(Permanent attachment assumption is illustrated in Mr. Badger's drawing shown 
in Exhibit B6.) To meet this desire I went through a number of ideas (illustrated 
in Mr, Badger's notes appearing in Exhibit B7a. I liked the idea of a snap- 
ring but couldn't see a good way to apply it. A representative of the Truarc 
Company, Mr. Paul Vapner, answered my call for assistance and suggested the 
idea of inserting the snap-ring by reaching in through the front of the nut, 
a much better arrangement than I had been able to think of. 

,f Meanwhile, I had also gone to work on design of the inner conductor 
joint. I knew a plastic bead was needed to keep the inner conductor centered. 
The problem became 'How do you make contact at the interface between the two 
inner conductors to be joined?' I developed lists and a collection of sketches 
on different approaches, just as on the outer conductor problem. But on the 
inner conductor several designs seemed worth carrying to the prototype and test- 
ing stage, rather than just one as with the nut. 

ff I tried using a bellows, but this turned out to be too difficult to manu- 
facture. I also tried using beads as axial springs to push the inner conduc- 
tors against one another. The fault with that approach turned out to be cold 
flow of the plastic causing the contact pressure to drop during the first 48 
hours. I did quite a bit of testing of the cold flow properties of bead mater- 
ials before giving up that approach. 

"Finally, I centered on the approach of using a collet springing from 
inside a hollow center conductor. I spent a whole day analyzing to determine 
the dimensions required to allow it to move axially while springing open rad- 
ially a sufficient amount to stop itself at the proper limit of axial travel 
so it wouldn't fall out of the center conductor. This finally worked out with 
an assembly requiring only two parts. A sketch of the collet mechanism appears 
in Exhibit B7b. 
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"Only after the designs were in the model shop did I look at competitor's 
designs for more ideas. My conclusion was that niy designs were superior. They 
would be simpler, cleaner, easier to use and cheaper to make. 

"When the model shop sent over the first prototype, I tried it, and it 
worked. Then I did more thinking about how to manufacture it economically, 
by using extrusions and so forth, and I devised ways of testing it mechanically 
for performance and wear. For instance, I designed a machine to cycle the nut 
through fastening and unfastening to see how it would last and what metal treat- 
ment such as anodizing would help extend life. I had to see the electrical 
engineers and get them to test the connector for electrical performance. All 
this testing helped determine exactly what the optimum dimensions and tolerances 
should be. About 35% of the total design time was spent on this sort of refine- 
ment, 

H After looking at a wide variety of ways to manufacture the connector, I 
settled on the use of an anodized aluminum extrusion for the nut and screw 
machined parts for the rest. The extrusion die required would cost around 
$465 and the aluminum about 1/10 cents per connector. Screw machine time on 
the nut would be around 15 seconds. In total, I estimated the total direct 
cost of the nut would be about 15 cents, and that of the inner conductor about 
20 cents. These costs were determined by sending drawings of the parts with 
several alternative configurations out to machine shops with a request for quota- 
tions." (An illustrative example of one of the requests and the reply received 
appears in Exhibit B8.) Drawings illustrating subsequent design modifications 
up to the present appear in Exhibit B9 . 

"Now we seem to have the design pretty well worked out. The next question 
is how to put it on the market. There is resistance due to the habits of past 
practices and to the competition from other companies advocating their designs, 
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Our management is trying to get one of the big connector manufacturers to 
adopt our design. Unfortunately, this manufacturer has already made a deal 
for producing one of the competing sexless designs. When we showed them our 
design, they were pretty shaken up about the deal they had just made. Appar- 
ently they're now trying to figure out what to do about it. If our design were 
not substantially better than the other designs, I'm sure they'd go ahead with 
their other deal. But because it is substantially better, they may decide to 
scrap their other investment and manufacture our design. It remains to be seen. 
Later Developments 

In August of 1964 it was announced that a new connector, manufactured 
by the Amphenol-Borg Electronics Corporation under patent rights acquired from 
the Hewlett-Packard Company, was available for purchase. Excerpts from a 
brochure advertising the new product appear in Exhibit BIO. The Bulletin also 
carried the following statement: 

Reference to the Subcommittee on Precision Coaxial Connectors of the 
TC, Electronic and High Frequency Instruments, IEEE in this bulletin 
is necessary for explanation and does not imply subcommittee endorse- 
ment of the Amphenol Precision Coaxial Connector. Representations 
made on specifications are the sole responsibility of Amphenol-Borg 
Electronics Corporation. 



"VSWR" means voltage standing wave ratio 
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Connector Specifications 
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Exhibit B2 
Ways of Joining 
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Nut Design Sketches 
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Exhibit B3 (continued) 
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Nut Calculations 
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Exhibit B7a 
Uounting Design 
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Hewlett-Packard Company 

c£af>orafory Sfuxlnnnentx for <Sf>ced and Oiccwracy 

l»OI MOC MILL. ROAOt PALO ALTO. CALIFORNIA 
AflCA COOC 415 - Fmonc 



December 3, 1963 



Mr. Sill Chatelain ^ 
Swiss Autonntic 
3551 San Taocas 
Santa Clara, California 

Dear Mr. Chat lain: 

Enclosed are drawings of eight parts that we would Ilka 
cuotes on. In several instances, it will be noticed that a part 
will leave several different cochins tions of tolerances. We 
would like cuotca on each of these individual cases. 

In each case, we uculd like quotes for volumes of 
1000, 5000, 10»CC0 parts. In cases uhere stainless steel is 
specified as the material, we would he interested in what reduc- 
tion in part cost would result in substituting phos. bronze for 
stainless. 

The production of these parts is estimated at a mints— 
of 25,000 yearly for each individual part. 

Sincerely, 

Hewlett-Packard Company 



Anthony S. Badger 
Microwave Division 



ASBtgs 

Enclosure 
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SWISS AUTOfTlATIC PRODUCTS 



SSI Thomas Read Phone 243-3500 Santa Clara, Calif. 




QUOTATION fmmU¥r*lir 



Hewlett Paokard Co* 

1501 Page Hill Rd. l-2-«4 k 
Palo Alto Calif. 

Dear Mr .A. Badger, 

We are t banking you for the opportunity to 
quote on the following Jobs. 

Parts # 0-5020-02381-1-1 6*4&rs/ e r<cz>*^) 
fCase #1 Case # 2 Case #3 Case #4 Case #5 Case 06 
PlM .57ea .59ea .595ea ,6lea ,65ea ,65ea. 

|6B ,55ea .57ea .575ea ,59 ea ,63ea ,63ea. 

LlOU ,53ea ,55ea .56 ea .57ea .61ea .61ea. 

Parts # 0-6020-02350-1-1 
(Case #1 Case 02 Case #3 Case #4 
JlM ,22ea .26ea .26ea .3lea. 

}S:.: .18ea .23ea .23ea ,28ea. 

g.011 .15ea ,21ea .21ea .26ea. 

Parts # C-50 20-0252-1-1 ( C0£l£T) 
(C a se #L Case #2 C a se #3 Cftt*» 
JlH ,71ea ,75ea ,81ea. 
J5B ,68ea .72ea .78ea. 
llOB ,66ea .70ea ,76ea. , 

Parts # B-5020-0253-3-ir<^/ 

1H Pees at .91ea. 5ft Pees at ,88ea. 10B Pees at ,85ea. 
Parts # B-M8«a54.1-l^^/y^^^^^W 
IB Pees at .35ea 5M Poes at ,32ea. lOM Pees at .28ea. 
Parts # B-11526-200-l-2r r c crAiO 

IB Pees at .76ea 5M Pees at .73ea. 10B Poes at ,71ea. 
Parts 0 B-ll524A-200-l-2f C C:?/* ■ fr'VrtF) 

IB Pees at .93ea SllWs at ,9lea. 10M PoeB at. ..88ea. 

Parts 0 B- 5020-0255-1-1 <& cr '?&ff SPS ftt m „ 

IBPoee at .46ea 5U Poes at .43ea. 10M Poefl at .40ea. 
Jooling At 50.00 P«x» set of Cams for eaoh Item. 

.We Hope this prioes will meet your approval. 



Thanking You, 
Wm.Chatelain 
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EXCERPTS FROM NEW CONNECTOR ADVERTISEMENT 

(Courtesy Amphenol-Bgrg Elecrronlce Corporation) 
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Hewlett-Packard Company (C) 

Hewlett-Packard Company/Amphenol Corporation 
Commercial Development of the Sexless Connector 

Mr. Badger of Hewlett-Packard applied for a patent covering a sexless 
connector in February, 1964 (this patent is shown in Exhibit CI). During 
the following month Hewlett-Packard produced about 1,000 of these connec- 
tors and used them in their own laboratory for evaluation and microwave pro- 
duct developments. 

Amphenol Corporation, during approximately the same time span, was de- 
veloping on its own various designs of sexless precision connectors with 
particular emphasis being placed on a broadband dielectric support structure 
operable to 18 GHz. 

In August 1964, the Amphenol Corporation purchased the patent rights 
for the Badger connector and launched a thorough study of the problems that 
might be encountered with the coupling mechanism employed in the Badger de- 
sign. Particular consideration was given to the fact that the design had to 
be mass producible and the coupling mechanism reliable under all application 
conditions. 



(c) 1967 by the Board of Trustees of the Leland Stanford Junior University. 
Prepared in the Design Division, Department of Mechanical Engineering by 
Sue E. Hayes. The assistance of Mr. Anthony Badger of the Hewlett-Packard 
Company and of Mr. R. P. Avery and Mr. T. N. Anderson of the Amphenol Corpor- 
ation is gratefully acknowledged. 
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United States Patent Office 



1 ,245,028 

Patented Apr. 5, 1966 



3,245,028 
CONNECTORS 
Anthony S. Badger, Palo Alto, Calif., assignor, by mesne 
assignments, to Amphenol Corporation, a corporation 
of Delaware 

Filed Feb. 17, 1964, Ser. No. 345,218 
4 Claims. (Cl. 339—90) 

This invention relates to sexless connectors for cylin- 
drical pipes or lines such as electrical coaxial transmis- 
sion lines. 

Terminal connectors of male and female types have 
been in common use for joining the ends of tubular mem- 
bers such as coaxial transmission lines in electrical ap- 
paratus. Considerably difficulty and inconvenience are 
frequently encountered, however, in using connectors of 
this type he cause of the necessity of mating male and 
female ends of the members to be joined. 

Accordingly it is an object of the present invention to 
provide a sexless connector for tubular or coaxial mem- 
bers. 

It is another object of the present invention to provide 
a sexless connector which is quickly connected and dis- 
connected without the aid of tools and which has high 
mechanical rigidity and strength. 

It is also an object of the present invention to provide 
a sexless connector which locks the members to be joined 
in accurate axial alignment. 

It is still another object of the present invention to pro- 
vide an improved sexless connector. 

In accordance with the illustrated embodiment of the 
present invention, a rotatable barrel is held in fixed axial 
position near the planar end of each of the members to 
be joined. These barrels are identical and include a pair 
of protruding prongs having inclined locking tapers which 
engage radial surfaces in the mating barrels. Opposite 
rotation of the barrels produces an axial engaging force 
on the members to be joined. Surfaces of the protruding 
prongs are referenced against cylindrical surfaces of the 
mating barrels to provide coaxial alignment of the mem- 
bers to be joined. The members to be joined may be 
locked together in any relative angular position about the 
common axis of alignment. 

Other and incidental objects of the present invention 
will be apparent from a reading of this specification and 
an inspection of the accompanying drawing in which: 

FIGURE 1 is a sectional view of an assembled connec- 
tor according to the present invention, and 

FIGURE 2 is a perspective view of the connector in 
accordance with the present invention. 

Referring to FIGURES 1 and 2, there is shown a pair 
of tubular members 9, 11 such as the outer conductors of 
a coaxial line which are to be joined together. Each of 
the members carries a barrel 13, 15 which is rotatable 
about the respective member but which is fixed thereon 
in an axial position near the end 17, 19 of the member 
by a snap ring 21. 23 on one side and by a shoulder 25, 
27 on the other side. The barrels 13, 15 are identical 
and each includes a diametrically-opposed pair of prongs 
(only prongs 29, 31 on barrel 13 appear in the sectional 
view of FIGURE 1) which project axially beyond the 
ends 17, 19 of the members to be joined. These prongs 
pass axially through regions of large diameter in the front 
portions of the mating barrels as the members to be joined 
are brought together. The inner cylindrical surfaces 32 
of the prongs provide axial alignment for the members 9, 
11 as they are brought together. A h el ie ally-tapered 
radial surface 33 on each of the prongs engages a radial 
surface on the inside of a mating barrel in a region there- 
of where the front portion is of reduced diameter. Rela- 
tively opposite rotation of the barrels 13, 15 (or rotation 
of one barrel only) produces an axial engaging force 



which urges the ends 17, 19 of the members 9, 11 together. 
A suitable resilient O-ring gasket 35 of such composi- 
tion as silver-plated tiny copper balls in potting resin is 
disposed within the annular groove 37 in the mating ends 

5 17, 19 of the members to be joined for decreasing leak- 
age of electrical signal through the joint. 

In the illustrated embodiment of the invention, mem- 
ber 11 is attached to a flexible line such as a coaxial cable 
39 and member 9 is part of a rigid fixture such as the out- 

10 put terminal of a signal source. The cable 39 includes 
a wound-strand center conductor 41 which is held in co- 
axial alignment with the outer shield conductor 43 by di- 
electric material 45. 

The outer shield 43 is held in electrical contact with 

15 the member 11 by the jam-tapered ring 51 which is split 
longitudinally and which is disposed between the shield 
43 and the outer insulating layer 53 of the cable 39. The 
mating tapered aperture 55 in the housing 57 imparts 
force through the outer layer 53 to the ring 51 which 

20 thereby tightens the shield conductor 43 around member 
11 as the housing 57 is pulled axially against the shoulder 
27 of the member 11 by the bolts 59. This clamps the 
cable 39 rigidly to the member 11 and forms a fluid-tight 
seal having high tensile strength. 

25 The center conductor 47 of the member 9 is held in 
coaxial alignment with the outer conductor by dielectric 
material 49. Each of the center conductors 41, 47 is 
connected to a conductive element 61, 63 as by soldering 
or crimping. A collet holder 65, 67 passes through a 

30 dielectric spacer 69, 71 and screws into the element 61, 
63, thereby aligning the element and holding it axiaHy and 
radially rigid within the member 9, 11. Resinous potting 
compound is injected through holes 73, 75 into the grooves 
77, 79 about the spacers 69, 71 to hold them in place. A 

05 collet 81, 83 having a tapered end region and having a 
plurality of intersecting axial splits is slidably mounted 
in the collet holder. The tapered end regions on each of 
the srlit collets acts against the edge of the collet holder 
to impart axial motion to the collet as the collet finger 

40 expanJs resiliency outward. This urges the collets to- 
gether to make good electrical contact between center 
conductors of the lines to be joined. The outer dimension 
of the collets and the inner dimension of the aperture in 
the collet holders are so chosen that the collet fingers ex- 

45 pand sufficiently to engage the walls of the apertures when 
the sections of the connector are disconnected, thereby 
preventing the collet from falling out of the holder. 
I claim: 

1. Jn a connector for joining conductors, contact means 
50 for a conductor in one section of said connector compris- 
ing: 

an element connected to said conductor and having a 

longitudinally cylindrical bore therein; 
a member slidably disposed within the bore of said 
55 element, the member having a longitudinal split 
along a portion of the length thereof for providing 
diametrical expansion of said member; and 
means on said member responsive to diametrical ex- 
pansion thereof for urging said member outwardly 
(JO from said bore. 

2. In a connector for joining conductors, contact means 
for a conductor in one section of said connector compris- 
ing: 

an element connected to said conductor and having a 
65 longitudinally cylindrical bore therein: 

a cylindrical member of resiliently expandable diameter 
slidably disposed within the bore of said element; 
and 

a tapered surface on said member disposed to engage 
70 an end of the cylindrical bore for urging s. mem- 
ber outwardly from said bore in response to ^ \et- 
ncal expansion of said member. 
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3. Contact means as in claim 2 wherein the diameter 
of the cylindrical bore in said element is smaller than the 
maximally expanded diameter of said member for im- 
peding further outward-sliding motion of said member 
within said bore by engagement of the inner surface of the 5 
cylindrical bore and an outer surface of the expanded 
member after a predetermined amount of axial move- 
ment of said member outwardly from said bore. 

4. A sexless connector for joining a pair of members 
and comprising for each of said members: jq 

a barrel rotatably mounted on the member; 

a plurality of prongs on the front portion of the barrel 

protruding axially beyond the end of said member; 

and 

a helically-tapered radial surface on each of said prongs 15 
for engaging a radial surface of a mating barrel 
whereby relative rotation of the barrels imparts an 
axial engaging force upon the ends of said members; 

at least one of said members having 

an element disposed coaxially within said member about 20 
the longitudinal axis thereof; 
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said element having a longitudinal aperture therein; 

and resilient means disposed within said aperture hav- 
ing an end protruding beyond the end of said ele- 
ment; 

siid resilient means includes a collet having a longitudi- 
nal split along a portion of the length thereof and 
having at least one tapered end; 

said tapered end varying in diameter between values 
larger and smaller than the diameter of the aperture 
in said element and being disposed to engage an end 
of said apertures in the element. 
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The Badger design included a pair of prongs on each of the two coupling 
nuts of the connector, A helical radial surface on each of the prongs engaged 
a helical radial surface on the inside of its mating nut. Amphenol production 
of this coupling nut mechanism showed that it was extremely difficult to hold 
the ramps square to the center line of the connector. Whenever the ramps are 
not square to the center line, axial contact is not good when the connector 
halves are coupled together. Also, the Badger connector did not exhibit suf- 
ficient rigidity when subjected to the expected bending loads of normal usage. 
Because of these two considerations, Amphenol and Hewlett-Packard decided to 
eliminate the prongs. 

After considering several possibilities, Amphenol concluded that a sliding 
sleeve approach was most likely to meet both electrical as well as mechanical 
requirements. A new design was developed which incorporated a tight fit between 
the inside of a sliding sleeve (on the connector half with the coupling nut re- 
tracted) and the outside of the barrel (on the half with extended coupling nut). 
This tight fit aligns the connector and provides rigidity. Also, the outside 
diameter on the new design is smaller than it was on the original. The final 
Amphenol product, a commercial success, is shown in Exhibit C2. Engineering 
drawings of the connector appear in Exhibits C3 and C4. 
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Instructor 1 s Note 

ECL 1 was one of the first engineering cases prepared in an organized 
Stanford case program; it has also been one of the most frequently used. 
The original case was written in 1964. Later developments concerning the 
sexless connector were found to be of some instructional value, so that 
Part (C) was added three years later. This new section corrects the im- 
pression left by Part (B) that "only the marketing remained 11 . 

In the Stanford introductory design course, the case has provided exer- 
cises in conceptual design, sketching, and visual communication. For the 
design and sketching exercises, students would typically be given Part (A) 
and asked to organize a set of design criteria, then sketch a number of pos- 
sible designs, describing advantages and disadvantages of each. Part (B), 
distributed in a later class, shows the actual connector designed by Tony 
Badger for comparison. The case has also provided a very challenging assign- 
ment in visual communication. Students have been asked to imagine they are 
in Mr. Badger's position, having designed a new product whose advantages 
must now be conveyed to management. The assignment has been to communicate 
graphically, on a single sheet suitable for use as a slide, how the new 
connector works. The slide will be shown for only a short time and should 
require no verbal accompaniment, so that clarity and simplicity are essential. 

The case could also be used for dimensioning and tolerancing exercises; 
one assignment of this type could be to prepare detail drawings of several 
other parts using the last page of Exhibit B-9 as an example. 

ECL 1 has also been useful as a discussion case. One subject raised 
by the case is the process of creative design, of which Tony Badger's proce- 
dure in Part (B) is one example. Tony's approach was learned under the late 
Professor John Arnold, a pioneer in developing the creative talent of his 
students. Tony's design steps give a fair idea of the Arnold method. This 
section of the case might provide instructors with a good opportunity to 
introduce ideation techniques, either in conjunction with the connector problem 
or an entirely new one. 
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After reading Part (B), students might be asked what they would have 
done differently, what problems they foresee with the connector, what 
additional tests they might carry out, etc. Because Mr. Badger alone has 
described the development of the connector, most students will probably 
say they see few problems, that Tony has a great design. They will be amazed 
to see later that Amphenol chose not to use his clever internal prong concept. 
After students have had a chance to read Part (C), the instructor might 
wish to emphasize several points: 

1. The design engineer needs to know manufacturing . Tony Badger's 
twist-lock scheme was rejected at least partly because of a tolerance 
problem which would drive production costs too high. The bids inclu- 
ded as Exhibit B-8 indicate that production costs were already well 
above Tony's estimates. 

2 . If you want to see your idea marketed, better follow it through 
yourself . None of the problems mentioned by Amphenol appears unsolv- 
able; it seems more likely that the joining method was changed because 
Amphenol's engineers were working on a sliding sleeve scheme, with 
which they were more familiar than the pronged twist-connect concept. 
Tony, incidentally does not agree with some of the statements made in 
Part (C), pointing out that Hewlett-Packard has used a large number 

of the original connectors for several years without experiencing 

the kind of problems mentioned by Amphenol. If Hewlett-Packard had contin 

ued development of the connector, rather than selling to Amphenol, 

only minor changes might have been made in the design. 

3. The value of an idea is often difficult to ascertain except in 
retrospect . Strangely, the feature of Mr. Badger's which was retained 

- the split collet - was almost an afterthought, yet it was really the 
only feature for which he was awarded a patent. The idea which Tony 
thought was the crux of his design - the prongs - was apparently not 
patentable except in conjunction with the expanding collet, and was 
later dropped. 



